Recent evidence suggests that lifelong bilingualism may contribute to cognitive reserve (CR) in normal aging. However, there is currently no neuroimaging evidence to suggest that lifelong bilinguals can retain normal cognitive functioning in the face of age-related neurodegeneration. Here we explored this issue by comparing white matter (WM) integrity and gray matter (GM) volumetric patterns of older adult lifelong bilinguals (N ¼20) and monolinguals (N ¼20). The groups were matched on a range of relevant cognitive test scores and on the established CR variables of education, socioeconomic status and intelligence. Participants underwent high-resolution structural imaging for assessment of GM volume and diffusion tensor imaging (DTI) for assessment of WM integrity. Results indicated significantly lower microstructural integrity in the bilingual group in several WM tracts. In particular, compared to their monolingual peers, the bilingual group showed lower fractional anisotropy and/or higher radial diffusivity in the inferior longitudinal fasciculus/inferior fronto-occipital fasciculus bilaterally, the fornix, and multiple portions of the corpus callosum. There were no group differences in GM volume. Our results suggest that lifelong bilingualism contributes to CR against WM integrity declines in aging.
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Introduction
Aging is associated with neurodegenerative changes that typically lead to cognitive decline. However, there is a great deal of heterogeneity in the relationship between cerebral declines and cognitive functioning in aging, with variability in task performance tending to increase with age (Christensen et al., 1999) . While neurodegenerative changes result in significant cognitive declines in some older adults, others seem to continue to function like young healthy adults (Cabeza, Anderson, Locantore, & McIntosh, 2002; Duarte, Ranganath, Trujillo, & Knight, 2006) . Similar heterogeneity between brain burden and cognitive function exists with respect to age-related dementias such as Alzheimer's disease (AD). For example, while the majority of individuals who meet criteria for pathological AD also meet clinical AD criteria, a significant number remain cognitively normal (Mortimer, 1997; Shaw et al., 2009; Valenzuela & Sachdev, 2006) .
The theory of cognitive reserve arose as an explanation for such mismatch between brain structure and cognitive functioning (Stern, 2002) . Cognitive reserve (CR) theory holds that certain variables improve the brain's ability to cope with damage, effectively mitigating its effects on cognition (Stern, 2002 (Stern, , 2009 . Three well established CR variables are education, intelligence, and socioeconomic status (SES) (Albert et al., 1995; Christensen, 2001; Steffener & Stern, 2012) . Uncovering other CR variables represents an important step toward maximizing the ability of older adults to live independently. In addition, this line of research has implications for early detection of dementia. Because individuals with high CR present with greater brain burden, typical cognitive screening tests may be insufficient for their early detection. A more complete understanding of the range of effective CR variables may aid early detection.
Recent evidence suggests that lifelong bilinguals may develop clinical AD symptoms at an older age than monolinguals (Bialystok, Craik, & Freedman, 2007; Craik, Bialystok, & Freedman, 2010) . Bilingualism carries broad appeal as a potential reserve variable because it is primarily influenced by environmental factors such as country of birth, emigration, or attendance of a second language immersion school (Bialystok & Craik, 2010 
